Abstract. Progressive decreases in the Si-O-Si angles between comer-shared silicate tetrahedra in glasses and melts with increasing pressure can lead to arrangements of oxygen atoms that can be described in terms of edge-or face-shared octahedra. This mechanism of compression can account for the gradual, continuous increases in melt and glass densities from values at low pressure that indicate dominantly tetrahedral coordination of Si to values at several tens of GPa that suggest higher coordination. It also can explain the unquenchable nature of octahedrally coordinated Si in glasses, the absence of spectroscopically detectable octahedrally coordinated Si in glasses until they are highly compressed, the gradual and reversible transformation from tetrahedral to octahedral coordination in glasses once the transformation is detectable spectroscopically, and the fact that this transformation takes place in glass at room temperature. It may also have relevance to pressure-induced transformations from crystalline to glassy phases, the difficulty in retrieving some metastable high pressure crystalline phases at low pressure, and the observed differences between the pressures required for phase transformations in shock wave experiments on glasses and crystals.
Introduction
It is generally accepted that silicon is tetrahedrally coordinated by oxygen ions in silicate melts and glasses at 1 atm total pressure and that adjacent silicate tetrahedra form polymers by comer-sharing [e.g., Mozzi and Warren, 1969; Taylor and Brown, 1979; Okuno and Marumo, 1982] . By analogy with the structures of crystalline silicates at pressures of several tens of GPa and based on shock wave studies of the Hugoniot states of molten silicates [Rigden et al., 1984 [Rigden et al., , 1987 , and in preparation], it is likely that silicon is more highly coordinated by oxygens at high pressures. In this note we propose a mechanism by which the coordination of $i (and other cations found in tetrahedral coordination at low pressures) may increase in glasses and melts with increasing pressure.
Several observations constrain possible mechanisms of compression in silicate glasses and melts: (1) Shock wave studies of molten silicates in the system anorthite-diopside demonstrate that the compression from several tenths to several tens of GPa is gradual and continuous without any abrupt density changes [Rigden et al., 1984 [Rigden et al., , 1987 
The Proposal
What must be sought is a mechanism of compression that (1) begins with only tetrahedral coordination at low pressure and leads continuously to octahedral coordination at high pressure; (2) does not generate spectroscopically observable octahedrally coordinated silicon until after substantial compression; (3) . The proposed mechanism of compression may also help to explain why under shock compression the density of silica glass increases smoothly and approaches that of stishovite at lower pressure than does the density of shock compressed crystalline quartz [Schmitt, 1987] , because the glass, unconstrained by crystal structure, can more readily distort into the proposed high density arrangement of oxygen polyhedra.
(2) It is not clear that when a packing of oxygens consistent with octahedral coordination of Si has been achieved, the material will necessarily give up its tetrahedral bonding environment. Thus, for example, it is conceivable that a glass could remain as a tetrahedral network (e.g., Figure 2a ) to very high distortions and compressions. Such tetrahedra, however, would be highly distorted, and we think it likely that at some point, the Si atoms would begin to bond with the oxygen atoms that are being pressed in on them and a changeover to octahedral bonding (e.g., Figure 2b ) would take place. Given the likely inhomogeneous nature of compression in real systems (i.e., a chain such as that shown in Figure 1 would (3) To first order, we would expect the compression of glasses and melts by the proposed mechanism to be elastic; that is, when we squeeze on the chain in Figure la , the Si-O-Si angle decreases, and when we release the pressure, it will spring back. In the range of compression over which the bonding environments change from tetrahedral to octahedral, we would still expect the transformation to be nearly reversible. We thus rationalize the observation that the transformation from tetrahedral to octahedral coordination of Si in anorthitic glass is reversible [Williams and Jeanloz, 1987] . In addition, when viewed in this light, it is not surprising that the transformation from low to high pressure packing of oxygens appears to be so difficult to pressurequench. This may also explain why octahedrally coordinated A1, whose presence has been inferred in melts at rather low pressures [e.g., Boettcher et al., 1984] , has so rarely been observed in glasses pressurequenched to 1 atto.
We note that in reality, compression of a glass or melt to several tens of GPa probably would not be entirely displacive, even if the mechanism that we have proposed dominates. In Figure 1 , for example, the chain of tetrahedra may be bonded through metal cations to other silicate polymers, and these bonds would probably have to break as the silicate chain compresses and may not readily reform on release of pressure. Likewise, although it is possible to describe a network of octahedral chains in terms of distorted rings of tetrahedra (Figure 2 ), a given low pressure starting configuration of the silicate tetrahedra may not necessarily map directly into a three-dimensional network of octahedra. Thus, some bond breaking and diffusion would probably accompany extreme compression of complex melts and glasses. It is in this context that we would explain the permanent densification of glasses and hysteresis effects, though we still anticipate that most of the octahedrally coordinated Si would spring apart to the low pressure tetrahedrally coordinated configuration.
(4) It is important to emphasize that the proposed change of oxygen packing from the expanded low pressure tetrahedral network to a collapsed configuration involving octahedral packing geometries would not be limited by diffusion. The collapse of the structure and change in oxygen packing would take place essentially continuously and except for a possible activation energy involved in switching over from tetrahedral to octahedral bonding, we would not expect that temperature would play an important role in the kinetics of such pressure-induced tetrahedral to octahedral conversions. This may explain the fact that major pressure induced changes in glass structure occur readily and reversibly at room temperature [Hemley et al., 1986; Willams and Jeanloz, 1987] .
(5) The proposed mechanism for coordination changes in melts and glasses may also aid understanding of observed crystal-glass transitions. For example, certain high pressure crystalline phases yield glasses on pressure-quenching [e.g., Liu and Ringwood, 1975; Liu, 1979] . It may be that the high pressure phases can be described in terms of networks of silicate tetrahedra to which the phases displacively relax on release of pressure. The quenchability of stishovite, however, which can be described in terms of such a network (Figure 2a) , indicates that such structures are not inevitably unquenchable. Similarly, it could be that transformations of the sort that we propose play a role in the conversion of crystals to glass under pressure at room temperature [e.g., Hemley, 1987; Williams and Jeanloz, 1987] . In such cases, we would propose that conversion to the stable, high pressure crystalline phase is inhibited by the need for reconstructive transformations; conversion to roetastable high pressure glass, however, is not difficult under these low temperature conditions because it can be achieved merely by distortions of the low pressure tetrahedral framework. Likewise, glass formation may be favored in certain shock wave experiments either at high pressures or upon unloading from a high pressure crystalline structure.
